Introduction
Recently we reported on the substitution pattern in reactions of CI'.S-NPC12(NSOC1)2 with piperidine [1] . It was shown that steric hindrance forces the nucleophilic attack to take place first at a sulphur atom. It seemed interesting, therefore, to investigate the behaviour of AS-NPCl2(NSOF)2 (1) during aminolysis, since it could be expected that both the small size of the fluorine atom and the strength of the S-F bond would affect the substitution pattern.
The results of the reactions of 1 with piperidine in acetonitrile at room temperature are described. We also investigated the aminolysis of the related compound (NPC12)2NS0F (2) to obtain more experimental data on the reactivity of the SOF centre.
Requests for reprints should be sent to Dr. J. C. van de Grampel, Laboratorium voor Anorganische Chemie, Rijksuniversiteit Groningen, Nijenborgh 16, 9747 AG Groningen, The Netherlands.
The structure assignment (eis or trans) for the amino derivatives described are based on 31 P NMR spectroscopy. In the case of a bis(pyrrolidino) and a bis(morpholino) derivative of 2 structural information could also be obtained by a chemical method.
Aminolysis and Structure Assignment

cis-NPCl2(NSOF)2
From the reaction mixture of
CT'S-NPC12(NSOF)2
and piperidine (molar ratio 1:2 in acetonitrile) a solid (yield 40%) and a colourless liquid (yield 20%) were obtained; both have the chemical composition NPClPip(NSOF)2 (Pip = piperidino), as was deduced from mass spectroscopic evidence. The 31 P NMR spectrum of the solid showed a resonance signal at 19.7 ppm (compound 3), while in the spectrum of the liquid two singlets at 19.7 and 21.8 ppm (4) with relative intensities of about 1:1 were recognizable. No P-F coupling was observed (Table I) . The signals can be attributed to the two isomeric Assuming that the oxygen ligands retain their equatorial positions in the ring [2] , it is likely on sterical grounds that the isomer 3 obtained in highest yield has a structure in which the piperidino and oxo-groups are in ««-position [3] .
In a reaction with an excess of piperidine again the substitution (mainly) takes place at the phosphorus atom (formation of NPPip2(NSOF)2 (5) in addition to very small quantities of NPPip2NS OPipNS OF).
The results described above show that in contradistinction to cis-NPCl2(NSOCl)2 [1] the first substitution step in ci's-NPCl2(NSOF)2 takes place at the phosphorus atom. For this difference in substitution pattern two reasons can be advanced. Firstly, replacement of the fluorine atom will be more difficult than substitution of the chlorine atom attached to sulphur, because of the greater strength of the S-F bond. Secondly, substitution at the phosphorus atom in cis-NPCl2(NSOF)2 will proceed more easily than in cw-NPCl2(NSOCl)2, since in a nucleophilic attack at the side of the oxygen atoms an SN2 type transition state with five-coordinated phosphorus can be realized more easily in the fluoro compound, because of smaller steric hindrance of the fluorine atoms trans to oxygen (Table II) . Table II . Intramolecular distances between the halogen atoms trans to oxygen in cis-NPCl2(NSOF)2 [2] and in cis-NPCl2(NSOCl)2 [4] . C1(I) is bonded to the phosphorus atom. (NPChhNSOF Three isomers of (NPClPyr)2NSOF (Pyr = pyrrolidine) can be identified in the reaction mixture of (NPC12)2NS0F (2) and pyrrolidine (molar ratio 1:4 in acetonitrile). In two of the isomers the amino ligands are in exposition as in each case the 31 P NMR spectrum gives only one resonance signal, split by phosphorus-fluorine coupling (Table I) .
It follows that the third isomer (8), which gives a distorted triplet in the 31 P NMR spectrum, has a trans-configuration of the two pyrrolidino groups. The ratio between the isomers (NPClPyr)2NSOF (6), (7) and (8) in the reaction mixture (12:2:1 as determined by 31 P NMR) suggests a stereospecific formation of 6. As pointed out in the foregoing part of the Discussion it is likely that compound 6 has both pyrrolidino groups in cis-position to the oxo group.
As in the case of pyrrolidine, in an analogous reaction of (NPC12)2NS0F (2) with morpholine also one isomeric form of (NPClMorph)2NSOF (9) (Morph = morpholino) is formed preferentially (yield 59%). Again, we assign to this isomer a structure in which both morpholino ligands and the oxygen atom are in cis-position.
Supporting evidence that the major disubstituted products of the reactions of (NPC12)2NS0F with cyclic secondary amines have the amino ligands in cis-position was obtained by the preparation of (NPMorphPyr)2NSOF
(10), starting from (NPClPyr)2NSOF (6), and by the preparation of (NPMorphPyr)2NSOF (11) starting from (NPClMorph)2NSOF (9). As may be seen from Table I and the Exp. Part 5, 6 the compounds 10 and 11 are different. Assuming a Sn2 substitution mechanism, this means that at least one of the starting materials (NPClAm)2NSOF (Am = amino) -and probably both -has the amino ligands in cis-position.
Even in reactions with an excess of pyrrolidine or morpholine no substitution of fluorine has been observed; only the products (NPPyr2)2NSOF (12) and NPMorph2NPClMorphNSOF (13) or (NPMorph2)2NSOF (14) were formed.
The behaviour of (NPC12)2NS0F (2) in reaction with secondary amines is quite analogous to that of as-NPCl2(NSOF)2 (1). Just as in the latter case the S-F bond appears not to be disrupted in the aminolysis at room temperature.
Experimental
All experiments were carried out under dry nitrogen. Solvents were purified and dried by conventional methods. The amines were distilled over KOH pellets. The compounds ci's-NPCl2(NSOF)2 [6] and (NPC12)2NS0F [7] were prepared according to published methods. Element analyses were carried out at the Microanalytical Department of this University under supervision of Mr. A. F. Hamminga. Infrared spectra were recorded on a Hitachi EPI-G spectrophotometer using KBr discs; calibration was performed by means of polystyrene film bands. The mass spectra were taken by Mr. A. Kiewiet (Department of Organic Chemistry of this University) on an AEI/MS 9 mass spectrometer at 70 eV, using an accelerating voltage of 8 kV; the samples were introduced directly by a conventional inlet system. The 31 P and 19 F NMR spectra were recorded by Mr. R. H. Fokkens (NMR Department, University of Amsterdam) on a Varian XL-100 FT spectrometer at 40.5 MHz and 94.1 MHz respectively; chemical shifts were determined relative to the external standards 85% H3P04 ( 31 P) and CFC13 ( 19 F) at 37 °C and defined as positive in low-field direction.
The deuterium resonance of the solvent CDC13 was used for field-frequency lock.
Reaction of cis-NPCl2(NSOF)2 (1) with piperidine (molar ratio of 1: 2)
A solution of 8.0 mmoles of piperidine in 30 ml of acetonitrile was added dropwise over a period of about 30 min to a stirred solution of 4.0 mmoles of 1 in 60 ml of acetonitrile, cooled at -15 °C. The mixture was allowed to warm slowly to room temperature and was stirred for an additional period of 17 h. Treatment of the evaporated reaction mixture with w-hexane and cooling the hexane extract at -20 °C gave NPClPip(NSOF)2 (3) in a yield of 40%; m.p. 38-39 °C.
Evaporation of the mother-liquor gave a liquid consisting of two isomers 3 and 4 (yield 20%). Further purification failed. Reactions 2-8 were carried out under analogous experimental conditions as described under 1. Only the method of isolation and purification is given. The composition of the reaction mixtures was determined by mass and 31 P NMR spectroscopy.
1 with piperidine (molar ratio 1:14)
The evaporated reaction mixture was extracted with diethylether. Cooling the ether extract at -20 °C gave NPPip2(NSOF)2 (5). By recrystallization from ether the compound was obtained in a pure state. Yield 41%; m.p. 93.5-95 °C.
Evaporation of the mother-liquor yielded a yellow oil, consisting of 5 with very small amounts of NPPip2NSOPipNSOF. 
2 with pyrrolidine (molar ratio 1:4)
The evaporated reaction mixture was extracted with diethylether. Addition of w-pentane to the extract and cooling at -20 °C gave (NPClPyr)2NSOF (6), which was recrystallized from diethylether. Yield 38%; m. p. 73-75 °C.
Evaporation of the mother-liquor yielded a colourless oil, consisting of three isomers (NPClPyr)2NSOF. 
2 with morpholine (molar ratio 1:4)
The treatment of the evaporated reaction mixture with ethanol deposited (NPClMorph)2NSOF (9), which was recrystallized from acetonitrile. Yield 59%; m.p. 178.5-179.5 °C.
l-Oxo-l-fluoro -3,5-dichloro-3,5-bismorpholino-1,2,4.6,3,5- 
6 with morpholine (molar ratio 1:14); reaction time 150 h
The evaporated reaction mixture was extracted with diethylether. Cooling the extract at -20 °C gave (NPMorphPyr)oNSOF (10), which was recrystallized from diethylether. Yield 47%; m.p. 182.5-184 °C. 
